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Interleukin-l R^c^ptor -Associated Prot^eln 
kinase and Assays 

CROSS-REFERENCE TO RELATED APPLICATION 

This application is a continuation application under 35 USC 
5 120 of USSN 08/494,006 filed 23 June 1985 . - : 

INTRODUCTION 

Field of the -Invention 

-The f ield of ' tliis invention is a. , human inter leukin 
receptor* associated' kinase and its use in . -drixg: screeni-ng . 

10 Background 

The cytokine interleukin-l (lL-1.) is. a key mediator in 
the inflammatory response (for reviews, see„Refs. 1-3)! The 
importance of IL-1 in inflammation has been demonstrated hy 
the ability of the highly specific IL-l receptor antagonist 

15 protein to relieve inflammatory conditions (for review, see 
Refs. 1, 4) . Many of the proinf iammatory -effects of IL-1, 
such as the upregulation of cell adhesion molecules -on 
vascular endothelia, are eixertedTat" the lev^l of 
transcriptional regulation. The transcriptional activation 

20 by IL-1 of cell adhesion molecules and other genes involved 
in the inflammatory response appears to be mediated largely 
by NF'KB (5-8). In response to IL-1, the NF-i^B inhibitory 
factor 1KB is degraded and NF-kB is released from its 
inactive cytoplasmic state to localize within the -nucleus 

25 where it binds DNA and activates transcription (9,1-0). 
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t^"!"". " °' transduction pathway leading 

°r P-vide valuable insight int! 

mechanisms to alleviate inflammation. i„ pa/ticullr 
components of this pathway would provide valuable targeti 
S for automated, cost-effective. high throughput IZl 
screening and hence would have immediate application Tl 
broad range of domestic -d international pharmaceutical anl 
biotechnology drug development programs 

10 tvn. Tr," ^^-P^^"-- type. I ,li.-iRi, and 

10 type 11 (11,-iRii,, have been identified and molecularly 

do^' • - =^"31- transmembrane 

domain and an IgG-like extracellular domain. The 11,-iRii 
iS found predominantly In B-cells, contains a cytoplasmic 
domain of only 29 amino acids, and may not play a direct 
^""^=^"""^=^^^V"-duction .,for review, see 
Ref 13). The human n,-lRl is found on most cell types and 
contains 552 amino acids in. its mature form Ts 
cytoplasmic domain of 212 amino acids is required for 
Signaling activity (14-17). but has no significant ho„oi 

20 ;^--t-n kinases or any other mammaiil lS.^.r^^^^ 
%n Signal transduction. The cytoplasmic domain of l^.aRl 
does Share significant sequence homology with the I>rosophila 
transmembrane protein Toll that is involved in dors^^! 

2S .. llZt ^"""'^"^ <"' • '---"^ may be functio::i y 

vifLrTat?"'-"''"''"'^""^"^ °' ''•^ --sopj^ila dorsal- 
ho!^r ^"'^=■^"""3 Psthway. .Dorsal and Cactus. are 
homologous with NF-,B and 1«b. respectively .(19) Also 

iT ^::^T°^l''^^'"'"^^="= ^-^^^ betwee^x:: 

IRI and Toll inactivates IL-IRI signaling in T cells (is) . 

3 0 Relevan t Li tiRy^Mi-i-o 

1 d„"T"' " '''' existence Of a mouse IL- 

™ Id '"^"".'^ '^^ -"Vity co-precipitating with . 

IRl and specific for an endogenous 60 substrate 
Heguy et al. ,15) disclose amino acids conserved in "!i. 

^ilal t "'^^r'^"^ -""^^ ^'-t essential for 

sagnal transduction. 
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SUMMARY OF THE INVENTION 

The invention provides methods and cottpositions 
relating to .a class of Interleukin-l Receptor type I- 
Associated Protein Kinases (IRAK) . Native full-length human 
5 IRAKs migrate in SDS polyacrylamide gel electrophoresis at 
an apparent molecular weight of approximately lOO kD. The 
compositions include nucleic acids which encode IRAKs . and 
hybridization probes and primers capable of hybridizing with 
the IRAK genes. 
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The invention includes methods for screening chemical 
libraries for lead compounds for a pharmacological agent 
useful in the diagnosis or treatmentVof disease associated 
an IRAK activity or an IRAK-dependent signal transduction. 
In one embodiment, the methods involve (l) forming a mixture 
comprising an IRAK, a natural intracellular IRAK substrate 
or binding target such as the Interleukin-l receptor, and a 
candidate pharmacological agent; (2) incubating the mixture 
under, conditions whereby, but for the presence of said 
candidate. Pharmacol ogi<:al agent ,' said iRiic ■ selectively 
phosphorylates. said substrate or binds said binding target ; 
and (3) detecting the presence or absence of specific 
phosphorylation of said substrate by said iRAK or 
phosphorylation or binding of said IRAK to said binding 
target, wherein the absence of said selective binding 
indicates . that- said candidate pharmacological agent is a 
lead . compound for a pharmacological agent capable of 
disrupting IRAK function. 

DETAILED DESCRIPTION OF THE INVENTION 

The nucleotide sequence of a natural cDNA encoding 
3 0 human IRAK-1 is shown as SEQUENCE ID NO:l and the full 
conceptual translate is shown as SEQUENCE ID" NO : 2 . . The 
IRAKs of the invention include natural derivatives of the 
IRAK gene and gene product. For example, IRAK- 2 is encod-d 
by a derivative of the IRAK-l cDNA where the codi-ng region 
35 encompassing nucleotides 1514-1552 is deleted. Similarly, 
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IRAK-3 is a derivative of IRAK-l where the coding region 
encompassing nucleotides 1514-1558 is deleted. 

The disclosed IRAKs include incomplete translates and 
deletion mutants of these cDNA sequences and deletion 
mutants, which translates or deletion mutants have IRAK- 
specific function such as the kinase activity described 
herein or IRAK self -association function.. For example, the 
domain bound by residues 212 (Phe) through 523 (Ala) of 
SEQUENCE ID NO:2 defines an active kinase domain which may 
be used, independently or joined to other domains, in 'the 
subject methods. Similarly, the domain defined by the N- 
terminal 12 0 residues of SEQUENCE ID N0:2 defines an IRAK 
self-association domain. This domain finds use in methods 
involving higher order IRAK complexes which provide an 
15 important means of IRAK regulation. Hence., this domain may 
be used independently as a regulator or IRAK activity, as a 
reagent in an IRAK complex formation assay, etc. 

"T^e claimed IRAK proteins, are isolated, partially pure 
or pure and are typically recombinant ly. produced. An 
20 "isolated" protein for example, is unaccompanied by at least 
some of the material with which it is associated- in its 
natural state and constitutes at least about 0.5%, 
preferably at least about 2%, and more preferably at least 
.^^ weight, of the total protein in a given sample; 
25 a 'ijartially pure protein constitutes at least about 10%, 
preferably at least about 30%, and more preferably at least 
about 60% by weight of the total protein in a given sample; 
and a pure protein constitutes at .least about 70%, 
preferably at least about 90%, and more preferably at least 
30 about 95% by weight of the total protein in a given sample. 
A wide variety of molecular and biochemical methods are 
^■^sil^^le for generating and expressing the subject 
compositions, see e.g. Molecular Cloning, A Laboratory 
Manual- (Sambrook,. et al . Cold Spring Harbor Laboratory), 
35 Current Protocols in Molecular Biology (Eds. Aufubel, et 
al., Greene Publ. Assoc., Wiley- Interscience, NY) or that 
are otherwise known in the art . . 
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The invention provides IRAK-specif ic binding agents 
including substrates, natural intracellular binding targets, 
etc. and methods of identifying and making such agents, and 
their use in diagnosis, therapy and pharmaceutical 
development. For example, IRAK-specif ic agents are useful 
in . a variety of diagnostic and therapeutic applications, 
especially where disease or disease prognosis is associated 
with improper utilization of a pathway involving an IRAK, 
e.g. XL- 1. receptor activation. Novel IRAK-specif ic binding 
agents include IRAK- specific antibodies and other natural 
intracellular binding agents identified with assays such as 
one- and two-hybrid screens, non-natural intracellular 
binding agents identified in screens of chemical libraries, 
etc. Agents of particular interest modulate IRAK function, 
15 e.g. IRAK antagonists. . > 

Generally, IRAK-specif icity of the binding agent is 
shown by kinase activity (i.e. the agent demonstrates 
activity of an IRAK substrate, agonist, antagonist, etc.) or 
binding equilibrium constants (usually at least about lo"^ M' 
preferably at least about 10^ M"^, more preferably at 
least about 10? M-^) . a wide variety of oell-based and cell- 
free assays may be used to demonstrate IRAK-specif ic 
binding; preferred are rapid in vitro, cell-free assays such 
as mediating or inhibiting IRAK-protexn <e.g. lRAK-IL-1 RI) 
binding, phosphorylation assays, immunoassays, etc. 

The invention also provides nucleic acids encoding the 
subject, proteins, which nucleic acids may be part of IRAK- 
expression vectors and may be incorporated into recombinant 
cells for expression and screening, transgenic animals for 
functional studies (e.g. the efficacy of candidate drugs for 
disease associated with expression of an IRAK), etc., and 
nucleic . acid hybridization prob.es and 
replication/amplification primers having an IRAK cDNA 
specific sequence contained in SEQUENCE ID NO: 11 Nucleic 
acidis encoding IRAKs are isolated from eukaryotic cells, 
preferably human cells, by screening cDNA libraries with 
probes or PCR primers derived from the disclosed IRAK -cDNAs . 
In addition, the invention provides IRAK gene homologs 
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sharing sufficient sequence similarity with that of the 
disclosed IRAK cDNAs to effect hybridization. Such IRAK 
cDNA homologs are capable of hybridizing to the IRAK- 
encoding nucleic acid defined by SEQUENCE ID NO: l under low 
5 stringency conditions, e.g. a hybridization buffer 
comprising 0% formamide in 0.9 M saline/0. 09 M sodium 
citrate (SSC) buffer at. a temperature of 37^C and remaining 
bound when subject to washing, at 42 °C with the SSC buffer at 
37°C; or 30% formamide, in 5 x SSPE (0.18 M NaCl, 0.01 M 
NaPO^, PH7.7, 0.001 M EDTA) buffer at a temperature of 42«»C 
and remaining bound when subject to washing at 42°C with the 
0.2 X SSPE. Preferred nucleic acids will hybridize under 
moderately stringent conditions, e.g. a hybridization buffer 
comprising 20% formamide in 0.9 M saline/0.09 M sodium 
citrate (SSC) buffer at a temperature of 42''C and remaining 
bound when subject, to washing at 42 "C with 2 X SSC buffer at 
42 -C; or a hybridization buffer comprising 5.0% formamide in 
5 X SiSPE buffer at a tert^erature of 42°C and remain bound 
when subject to washing at 4 2 "C with 0.2 x SSPE buffer at 
20 42»C. . More preferred nucleic acids encode kinases 
comprising kinase domains with at least about 25%, 
preferably at least about 50% pair-wise identity to a 
disclosed IRAK kiiiase domain. 

The subject nucleic acids are recombinant, meaning they 
25 comprise a sequence joined to a nucleotide other than that 
which it is joined to on a natural chromosome and are often 
isolated, i.e. constitute at least about 0.5%, preferably at 
least about 5% by weight, of total nucleic acid present in a 
given fraction. The recombinant nucleic acids may be 
contained within vectors, cells or organisms. The subject 
nucleic acids find a wide variety of applications including 
use as translatable transcripts, hybridization probes, PCR 
primers, therapeutic nucleic acids, etc.; use in detecting 
the presence of IRAK genes . and gene transcripts, in 
35 detecting or amplifying nucleic acids encoding additional 
IRAK homologs and structur^il analogs, and in gene therapy 
applications. 



30 
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The invention provides efficient methods of identifying 
pharmacological agents or lead compounds for agents active 
at the level of an IRAK modulatable cellular function, 
particularly IRAK mediated IL-l signal transduction! 
5 especially in inflammation . <5enerally, these screening 
methods involve assaying for compounds which interfere with 
an IRAK activity such as kinase activity or l^-i receptor I 
binding. The methods are amenable to automated, <x>st- 
ef fective high throughput screening of chemical libraries 

10 for lead compounds. Identified reagents find use in the 
pharmaceutical industries for animal and human trials; for 
example, the reagents may be derivatized and re screened in 
in vitro and in vivo assays to optimize a-ctivity and 
minimize toxicity for pharmaceutical development. Tar-get 

15 therapeutic indications are limited only in that the target 
cellular function be subject to modulation. usually 
inhibition, by disruption of the formation of a complex 
comprising an IRAK and -one or more natural , IRAK 
intracellular binding targets including substrates. Target 

^° indications may include infection, genetic disease, cell 
growth and regulatory disfunction, such as neoplasia, 
inflammation, hypersensitivity, etc. 

A wide variety of assays for binding agents are 
provided including labeled in vitro kinase ai says, protein- 

25 protein binding assays, immunoassays, cell based assays, 
etc. The. IRAK compositions used the methods are usually 
added in an isolated, partially pure or pure form and are 
typically recombinant ly produced. The IRT^ may be part of 
a fusion product with another peptide or polypeptide, e.g. 

30 a polypeptide that is capable of providing ' or -enhancing 
protein-protein binding, stability under assay conditions 
■ (e.g. a tag for . detection or anchoring) , etc. The a-ssay 
mixtures comprise a natural intracellular IRAK binding 
target including substrates, such as the C-terminus IL-l RI 

35 or, in the case of an autophosphorylation assay, the IRAK 
itself can function as the binding target. An IRAK -derived 
pseudosiibstrate may be used or modified (e.g. a to S/T 
srabstitutions) to generate effective substrates for use in 
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the subject kinase assays. The use of serine /threonine 
kinase pseudosubstrate peptides and the generation of 
substrate peptides therefrom are well knovm in the art. 
While native binding targets may be used, it is frequently 
5 preferred to use portions (e.g. peptides, nucleic acid 
fragments) thereof so long as the portion provides binding 
affinity and avidity . to the subject . IRAK conveniently 
measurable in the assay. The assay mixture also comprises 
a candidate pharmacological agent . Candidate agents 
encompass numerous ohemical classes, though typically they 
are organic compounds; preferably small organic compouhds 
and are obtained from a wide variety of - sources including 
libraries of synthetic or natural compounds. A variety of 
other reagents may also be included. in the mixture. These 
include reagents like salts, buffers, neutral proteins, e.g. 
albumin, detergents, etc. which may be used to facilitate 
optimal binding and/or reduce non-specific or background 
interactions, etc, Also, reagents that otherwise improve 
the efficiency of the assay, ■ such : as protease inhibitors, 
nuclease inhibitors, antimicrobial agents, etc' may be used. ^ 

The resultant mixture . is incubated under ' conditions 
whereby, but for the presence of- the candidate 
pharmacological agent, the IRAK specifically binds the 
cellular binding target,, portion or analog. The mixture 
components can be added in any order that provides for the 
requisite bindings. Incubations may be performed at any 
temperature which facilitates optimal : binding, typically 
between 4 and 40OC, more commonly between 15- and 40«>C 
incubation periods are likewise selected for optimal binding 
but also minimized to facilitate rapid, high^throughput 
screening, and are typically . between .1 and 10 hours 
preferably less than 5 hours, more preferably less' than 2 
hours . 

After incubation, the presence or absence of specific 
binding between the IRAK and one or more binding targets is 
detected by any convenient- way. For cell-free binding type 
assays, a separation step is often used to separate bound 
from unbound components. Separation may be effected by 
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precipitation (e.g. TCA precipitation, inununopr^ipitation, 
etc.), immobilization (e.g on a solid sxibstrate) , etc., 
followed by washing by, for examples, membrane filtration 
(e.g. Whatman's P-81 ion exchange paper, Polyf iltronic s 
hydrophobic GFC membrane, etc.), gel chromatography (e.g. 
gel filtration, affinity, etc . ) . For kinase, assays , binding 
is detected by a change in the kinase activity of the IRAK. 

Detection may be effected in any convenient way. For 
cell -free binding assays , one of the components usually 
comprises or is coupled to a label. a wide variety of 
. labels may be employed - essentially any label that provides 
for detection of bound protein. The label may provide for 
direct detection as radioactivity, luminescence, c^ti.cal or 
electron density, etc. or indirect detection such as an 
15 epitope tag, an enzyme, etc. A variety of methods may be 
used to detect, the label depending on the nature of the 
label and other assay components. For example, the label 
may be detected bound to -the solid substrate or a portion of 
the bound complex containing the- label may be' separated from 
20 the solid substrate, and thereafter the label detected. 
Labels may be directly detected thr-ough optical or electron 
density, r adi a. tive emissions, nonradiative energy transfers, 
etc. or indirectly detected with antibody conjugates, etc. 
For example, in , the case of radioactive labels, emissions 
25 may be . detected directly, e.g. with- particle counters or 
indirectly, e.g. with scintillation cocktails and counters. 

The following experiments and examples are offered by 
way of .illustration and not by way of limitation. 

EXPERIMENTAL 

30 Based on its lack of homology with any known mammalian 

signal transducers, it likely that the intracellular region 
of IL-IRI interacts with other factors to transduce IL-1 
signals. We sought to delineate a receptor domain that 
interacts with such factors by examining the ability of IL- 

35 IRI mutants to activate NF-kB. To measure NF-kB activation 
we utilized an assay in which ejqjression vectors for IL-IRI 
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mutants were cotransf ected with an E-selectin promoter- 
lucif erase reporter plasmid into the human 293 cell line. 
Stimulation of E-selectin transcription by IL-1 is known to 
occur primarily through . the activation of NF-kB (24, 25). 
5 Luciferase activity in transiently transfected 293 cells was 
determined in the presence or absence of IL-l stimulation. 
In the absence of transfected receptor/ IL-l (l ng/ml) 
induced a low level of transcriptional activation through 
endogenous IL-IRI . However, a large increase in IL-l 

10 dependent transcriptional activation was observed in cells 
transiently transfected with wild type IL-IRI. This result 
demonstrates that the majority of reporter activity in 
transiently transfected cells is signaled by transfected IL- 
IRI, and validates the use of this system for the analysis 

15 of IL-IRI mutants, . 

Five different C-terminal truncation mutants of IL-IRI 
were examined ...for their .ability, to activate the E-selectin 
reporter in response to. IL-l. Removal of 20, 25 or 31 amino 
acids from the C-terrainus did not appr^cisOjly affect the 

20 ability. of IL-IRI to activate NF-kB. Deletion of 45 or 75 
C-terminal amino acids eliminated :the ability of IL-IRI to 
activate NF-kB. Therefore, the region defined by the -31 
and -45 deletions (residues 508-521) includes sequences 
required for the activation of NF-/cB by IL-l. Furthermore,' 

25 the. -45 and -75 deletion mutants behaved as dominant 
negative mutations and blocked the ability of the endogenous 
IL-IRI to activate NF-<cB. 

Since amino acids .508 to 521 of IL-IRI appear necessary 
for signal transduction, this region was examined more 

3 0 closely by constructing receptors with sets of three amino 
acids mutated to alanine. These mutants, which include 510- 
512A, 513-515A, and 518-520A, were analyzed in the NF-kB 
reporter assay for their ability to activate NF-kB. By this 
analysis the 510- 512A mutant is active, while the 513-515A 

35 and. 518 -52 OA mutants are inactive. Amino acids 510, 511, 
and 512 of the . IL-IRI are. not conserved in Toll, while 
conserved amino acids are present in both the 513-515 and 
518-520 regions. The .. requirement of these conserved 
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residues for IL-iRi function may indicate that these amino 
acids directly contact signaling molecules or are critical 
to overall receptor structure. 

We next performed immunoprecipitation experiments to 
5 identify IL-IRI -associated signaling molecules. 
Immunoprecipitation of metabolical.ly 35s_iai,el^^ IL-lRi from 
transiently transfected 293 cells reveals that the receptor 
is expressed at high levels and can be specifically 
immunoprecipitated with polyclonal antisera dir«ct^d against 
10 the IL-IRI extracellular domain. m agreement with 
previously published results (20) , FACS analysis of . 293 
cells transiently transfected with IL-IRI indicated that a 
large percentage (-40%) of the cell population express 
receptor. The addition of IL-l to cells prior to cell lysis 
15 had no effect on the ability of the antisera to 
immunoprecipitate IL-IRI. 

To determine whether a protein kinase associates with 
IL-IRI. the receptor was immunoprecipitated from transiently 
transfected 293 cells and examined by an in Vitro kinase 
20 assay, An IL-l- inducible protein kinase activity was 
observed that specifically, associated with IL-IRI . We have 
termed this activity IRAK (IL-IRI .A'ssociafeed-lCinase) . Tlie 
major target of the IRAK in this reaction is an endogenous 
substrate of approximately lOO kDa. The specificity of -the 
receptor-kinase interaction is supported by the absence of 
activity in.the preimmune precipitate, and by the ability of 
an IL-lRI-igG fusion , protein - to compete away the kinase 
activity when added to .the immunoprecipitation. Kinase 
activation occurred rapidly, reaching an optimum within two 
minutes of exposure of cells to IL-I, suggesting that 
activation of the kinase occurs pfoximally to the IL-i 
receptor. 

If IRAK is involved in NF-kB activation, then the 
activity of the kinase in immunoprecipitates of mutated 
receptor should correlate with in vivo activation of the .E- 
selectin reporter by mutated receptors . The C-terminai 
deletions mutants of IL-IRI were transiently expressed in 
293 cells, receptor was immunoprecipitated, and examined for 
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associated IL-l inducible kinase activity. In the absence 
of transfected receptor, 293 cells display low but 
detectable levels of IRAK activity. Al.l three C- terminal 
deletion mutants (-20. -25, -31) that can activate NF-kB 
display associated kinase activity. that is indistinguishable 
from that associated with intact IL-IRI. irak activity does 
not coprecipitate with the -45 deletion mutant that w^as 
unable to- activate NFr«B. . Thus, there is a direct 
correlation between the association of active IRAK with IL- 
IRI and the ability of IL-l to activate, NF-kB, 

To further examine the connection between NF-kB 
activation and IRAK kinase activity, the triple alanine scan 
mutants of IL-IRI were examined by the coimmunoprecipitation 
assay following transfection into 293 cells. IRAK activity 
15 was observed with the 510-512A mutant , but not with the 513- 
515 Ala or 518-520 Ala mutants. Once again there was a 
direct correlation between. the ability of an IL-lRl mutant 
to interact with IRAK and to induce NF-kB activation. 

I" ..o.^der to purify ppiOO, we stably transfected 293 
cells with IL-IRI expression plasmid-. The- 293/lL-lRI cells 
express IL-IRI at a level at least two orders of magnitude 
greater than that of parental . 293 cells as shown by FACS 
analyses. The cells were grown in suspension and treated 
briefly with IL-l before harvest and extract preparation. 
pplOO was purified from extracts prepared from 100 liters of 
cells by a large scale, immunoprecipitation using rabbit 
antibodies to the extracellular domain of IL-IRI. To follow 
pplOO, immunoprecipitants, were subjected to ' an in vitro 
kinase reaction, in the presence of y^^p.^^p^ ppiop eluted 
from the IL-IRI immunocomplex was further, purified by Q 
sepharose column chromatography. Protein fractions 

containing radiolabeled pplOO were .subjected to 
two-dimensional gel . electrophoresis and blotted to 
polyvinylidene difluoride. (PVDF) membrane. pplOO (about 0.4 
35 ng) was identified . by autoradiography and digested with 
lysine-C and trypsin. The resulting peptides were 
fractionated by capillary high-performance liquid 
chromatography. Amino acid sequences of 10 polypeptides 
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were obtained, which were used to design degenerate 
oligonucleotides as primers for polymerase' -chain reaction 
(PGR) . A DNA fragment of 356 nucleotides was amplified from 
CDNA prepared using mRNA from 293 cells. This DNA fragment 
5 encodes the peptide used to design the PCR primers as well 
as three other sequenced peptides. Using this DNA fragment 
as a probe, we isolated corresponding cDNA clones from a 
human teratocarcinoma cDNA library. The longest clone 
obtained is 3.5 kilobase pair in length (SEQUENCE ID NO:l) 
10 and encodes a protein of 699 amino acids (SEQUENCE ID NO: 2) . 
An in- frame stop codon was located 36 nucleotides upstream 
from the first methionine, indicating that the clone encodes 
a full length protein. 

Sequence analysis of the protein revealed a region 
15 similar to the catalytic domain of kinases. Eleven 
subdomains and 15. invariable amino aci<is indicative of a 
protein kinase are present. Search of the NCBI BLAST 
database with the kinase domain sequence revealed similarity 
between pplOO and several, serine /threonine kinases. The 
2 0 kinase of animal origin that shared highest Sequence 
similarity with pplOO is drosophila Pelle wliich is 33% 
. identical in the 298 amino acid kinase domain. The research 
also revealed homology between pplOC and few plaht kinases 
of unknown functions and the plant Tpo gene which confers 
resistance to bacteria Pseudomonas syringae pv. -tomato in 
Tomato. 

Methods I: Identification of IRAK Activity.. 

Plasmid Constjructlon and Antiserum Preparation - The 
human IL-IRI cDNA was cloned into pRK5 (20) to give the 
plasmid pRK-IL-lRI in which expression is laider -t he control 
of the cytomegalovirus • immediate early prompter-enhancer . 
Expression plasmids for the C-terminal deletion mutants of 
. IL-1 receptor were generated from pRK-lL-lRi by introducing 
stop codons into the IL-IRI coding region by polymerase 
35 chain reaction (PCR) . The internal triple mutants were made 
by a procedure involving two rounds of PCR. The first round 
of PCR generated overlapping fragments with the 
corresponding mutations in the center of the overlapped 
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region. The two fragments were joined by a second round of 
PGR. The sequences of all constructs were confirmed by DNA 
sequencing. To prepare antiserum to the extracellular 
domain of the IL-IRI, a fusion protein consisting of the 
5 mature IL-IRI extracellular domain fused to human igG as 
described (22), was easpressed transiently in 293 cells. 
Cell culture medium containing the chimeric protein was 
harvested on 3 and 7 days after transf ection . The IL-IRI- 
IgG fusion protein was purified by protein A-agarose 
10 chromatography and used to immunize rabbits by BAbGo 
(Richmond, CA) , 

Cell culture, transf ection, cell extract preparation 
and metabolic labeling - Human embryonic kidney 293 cells 
were grown in DMEM medium supplemented with 10% fetal calf 
serum, 100 mg/ml penicillin G and 100 mg/ml streptomycin 
(Gibco) . To assay receptor function, cells were seeded in 
.6 -well dishes at 30-50% confluence. Transf ect ions were 
carried out the following day with the various eacpression 
plasmids by the calcium phosphate precipitation method (23) . 
2 0 .36 hours later, human; recombinant IL-i/S (Genentech) was 
added to the. medium at final concentration of 1 ng'/ml . The 
cells were harvested. 6 hours later -, and assayed for 
lucif erase activity using Promega reagents, ^-galactosida'se 
activity was determined using chemiluminescent reagents 
25 (Tropix, Inc.) and used to normalize lucif erase activities. 
Extracts for immunoprecipitations and in vitro 
phosphorylation assays were prepared- as follows: 2 93 cells 
were seeded at 50% density in lOO mm plates and transfected 
with IL-IRI esqjression plasmids on the following day. 4 0 to 
30 48 hours later, IL-I (20 ng/ml) was added to the media. 
After incubation at 37°C for the indicated times, media was 
removed and the plates were chilled on ice immediately. The 
cells were washed twice with 5 ml of ice-cold phosphate 
buffered saline (PBS) and scraped off the plates in 5 ml of 
35 PBS containing 1 mM EDTA. Cells were pelleted by 1200 x g 
centrifugation for 3 minutes and suspended in 1 ml of lysis 
buffer (50 mM HEPES pH 7.6, 250 mM NaCl, 1 mM dlthiothreitol 
(D.TT), 1 mM EDTA. 0.1% Tween-20, 10% (v/v) glycerol, 10 mM 
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b-glycerophosphate, 5 mM p-nitrophenyl phosphate, i Na 
orthovanadate, 1 mM benzamidine, 0 . 4 mM phenylmethylsulf onyl 
..fluoride, 1 mM Na metabisulf ite, lO ug/ml leupeptin and 10 
ug./ml .aprotinin) . After incubation on ice for 20 minutes 
5 the cell debris was pelleted by a 20 minute centrifugation 
1^ a microcentrifuge and the supernatants were collected and 
stored at -70oc. For metabolic labelling, 293 cells were 
seeded in 150 mm plates and grown to near confluence. The 
cells were washed twice with 25«>C PBS and incubated with 
10 DMEM lacking cysteine and methionine at 37-0 for 40 minutes 
before addition of . 700 uCi of ^^S c^H labelling mix 
(Amersham) . Pour hours later, the medium was removed and 
^ cells were washed twice with PBS and extracts were prepared . 
as described above. 
15 Jinmunoprecipitation ^nd in vitro kinase assays - For 

immunoprecipitations, l ml of cellular extract was incubated 
with 20 ml of protein A-agarose slurry (50% v/v) in lysis 
buffer at 40c for 2 hours. Protein A beads were pelleted by 
centrifugation in. a microcentrifuge for 10 seconds and 1 ml 
20 ,of, rabbit antiserum or preimmune serum w^s incubated with . 
the precleared supernatant at 4«>C for 2-3 hours. The 
reactions were mixed with 20 ul of the protein A-agarose 
slurry and incubated for an additional 1 hour. Protein A 
beads were collected by centrifugation in a microcentrifuge 
25 for. 10 seconds, and washed 5 times with i ml of lysis 
.buffer. The beads, were then suspended in 20 ul of kinase 
buffer containing 20 mM Tris-HCl pH 7.6, 20 mM MgCl^ 20 mM 
^ ^-glycerophosphate, 20 mM p-nitrophenyl phosphate, 1 mM Na 
orthovanadate, ImM benzamidine, 0.4 mM - PMSF, 1 mM Na 
30 metabisulf ite, 2. uM . cold ATP and 10 uCi [^^P}y -ATP. The 
kinase reactions were allowed to proceed at 30»C for 30 
minutes and terminated with 20 ml of SDS sample buffer. 
After boiling for 3-5 minutes, 20 ml reaction aliguots were 
.separated by 8% SDS- PAGE. Radiolabeled proteins were 
35 visualized by autoradiography. 

Methods II. Purification and Cloning of IRAK. 

Cell Culture: 293 cells were cultured in Dulbeoo's 
Modification of Eagle's Medium with 4.5 gram/ml glucose and 
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L-glutamine (Mediatech) supplemented with 10% fetal bovine 
serum, .100 ug/ml streptomycin and 100 ug/ml penicillin. To 
make 293 cells overproducing the human IL-IRI, 293 cells 
were seeded on 100 mm plates at 30% density and were 
5 transf ected on the following day with lO mg IL-IRI 
expression plasmid (supra) and i mg pNeo by calcium 
phosphate precipitation. Stably transf ected cells were 
selected with culture medium, containing 500 /zg/ml of G418 
(Gibco) . Ten individual colonies .were cloned and expanded. 

10 The expression IL-RI on the cell surface was monitored by 
FACS using antibody to the extracellular domain of the 
IL-lRI. Four clones which showed the desirable IL-lRI 
expression and growth behavior were transferred to 
suspension culture in CO^- independent Minimum Essential 

15 Medium (MEM, Mediatech) supplemented 10% fetal bovine serum, 
4.5 g/ml glucose, 1 mM sodium pyruvate (Gibco), loo ug/ml 
streptomycin and 100 . ug/ml penicillin. 

Extract Preparation: Cells from suspension culture (100 
liters) were pelleted in. a Sorvall GS-3- rotor at 2500 RPM 
for 5 minutes and re -suspended in 5 liters of pre-warmed 
serum-free MEM medium. The cells were incutated with 200 
ng/ml recombinant human IL-ljg (Genentech) at 37°C for 3 
minutes and pelleted by centrif ugation at ^''C. All of the 
following steps were performed at 40C. The cells were 
suspended in 5 pelleted-cell-volumes of buffer containing 50 
mM Hepes pH 7.9, 250 mM NaCl, 5 mM dithiothreitol (DTT) , 1 
mM EDTA, p.1% NP-40, 10%- (v/v) glycerol , 20 mM ' b 
glycerophosphate, 5 mM p-nitrophenyl phosphate, 1 mM Na 
orthovanatate. 1 mM benzamidine, 0 . 4 mM phenylmethylsulf onyl 
fluoride (PMSF) , 1 mM Na metabi sulfite, 10 ug/ml leupeptin 
and 10 ug/ml aprotinin. After incubation on ice for 30 
minutes with occasional rocking, the cell lysate ' was 
centrif uged in a Sorvall H6 000A rotor at 4 0 00 RMP for 10 
minutes. The supernatants were collected and centrif uged in 
35 a Beckman 45 TI rotor at 40,000 RPM for 2 hours. The 
supernatants were aliquoted and stored at -70»C. 

Purification of ppioOz the extracts were thawed and 
spun in a Beckman 45 TI at 40,000 RPM for 2 hours. The 
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supematants wer^ incubated with 4 0 mg of ^rabbit IgG against 
the extracellular domain of the IL-IR at 40c for 2 hours 
with rocking. .25 ml of protein A sepharose CL4B (Pharmacia) 
were minced with the, extracts and the incubation continued 
5 for another 2 hours. The protein A beads were collected in 
a column and washed with 250 ml of washing buffer #1 
containing .50 mM Hepes pH 7.9, 250 mM NaCl, 5 mM 
dithiothreitol (DTT), 1 mM EDTA, 0.1% NP-40, 20 mM ^ 
glycerophosphate, 1 mM Na orthovanatat^, 1 mM benzamidine 
10 0 .4 mM phenylmethylsulf-onyl. f luoride (PMSF) , 1 mM Na 
metabisulfite. The beads were than suspended in 50 ml 
kinase buffer containing 20 mM Tris-HCl pH 7.6, 20 mM MgCl 
20 mM ^ glycerophosphate, 20 mM p-nitrophenylphosphate, i ^ 
EDTA, 1 mM Na orthovanadate , 1 mM benzamidine, 0 . 4 mM PMSF 
1 mM Na metabisulfite, 5 mM cold ATP and 100 mCi P^P] g -atp 
and incubated at 30o<: for 15 minutes. The kinase reaction 
was chased with 100 mM of unlabeled ATP for an additional 15 
mxnutes. Protein A beads were collected in an .empty column 
and washed with. 150 .ml of washing buffer #2 containing 1^0 
ml of buffer consisted of 50 mM Hepes. pH 7.9, 1 m NaCl 5 
mM DTT, 1 mM EDTA . and 0.1% NP4 0. .4:hen ISO ml of washing 
buffer #3 consisting of 50 mM Hepes, pH 7.9, 1^0 mM NaCl 2 
M.urea, 5 mM DTT, 1 mM EDTA and 0.1% NP40 . The proteins 
were then eluted . with 50 ml of elution buf fer containing 
50mM Hepes, pH 7.9, lOO mM NaCl, 5 mM DTT, i mM EDTA 0 1^ 
NP-40 and 7.M urea at 40c overnight with rocking.' The 
eluted materials were loaded on a 0.5 ml Q Sepharose column 
equilibrated in the elution buffer. The column was washed 
extensively with the elution buffer before" bound pr-oteins 
were eluted with buffer containing 0.5 M NaCl. The high 
salt eluate was concentrated in a Centricon 50 <Microcon) to 
50 Ml, diluted with 1 ml isoelectric focusing sample -buffer 
(O'Farrell (1975) J. Biol Chem) , concentrated down again to 
50 Ml. The sample was. then subjected to two-dimensional gel 
electrophoresis. 

rwo-diinensional gel electrophoresis and mi^ro p^vtid^ 
sequencing: Isoelectric focusing was used as the '^irst 
dimensional separation. The preparation and running 



20 



25 



3 0 



35 



NSDOCID: <WO_9700690A1J_> 



wo 97/00690 

PCT/US96/09193 

-18- 

conditions were described previously. The pH gradient was 
created with ampholines pH 5.0-7.0 and pH 3.5-9.5 blended at 
a radio of 1:1. 7% acrylamide SDS gel electrophoresis was 
used as second dimension separation. After the 

5 electrophoresis, the proteins were transferred to a 
polyvinylidenedifluoride membrane (Milipore) and stained 
with Copmassie blue R-250 in 40% methanoland 10% acetic acid 
for 30 seconds, followed by a 5. minute de-staining in 40% 
methanol and 10% acetic acid. The area of membrane 

10 containing the pplOO substrate indicated by autoradiography 
was exercised and subjected to peptidase digestion and 
micro -peptide -sequencing as described (Hou et al . (1994) 
Science 265,1701-1706). 
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EXAMPLES 

1. Protocol for IRAK autophosphorylation assay. 

A. Reagents: 

- Neutra] ite Avidin ; 20 fi^/ml in PBS. 

10 - IRAK: 10-e - .10-5 M biotinylated IRAK-1 at 20 /ig/ml in 

PBS. 

- Blockinq bluffer ; 5% BSA, 0.5% Tween 20 in PBS; 1 hour 
at room temperature; 

- Assay Buff e,r r 100 mM KCl. 20 mM HEPES pH 7.6, 0.2S mM 
15 EDTA, 1% glycerol, 0.5% NP-40, 50 mM BME, 1 mg/ml BSA, 

cocktail of protease .inhibitors . 

: -X2fPl7-ATP 103C stock: 2 x 10'"= M cold ATP with 100 /iCi 
[ 22p] ^_ATP . Place in the 40c microf ridge during screenihg . 

- Protease inhdhifor cocki-a-i .i /ioonxV . i n Trypsin 
Inhibitor . (BMB # 1D9894) , 10 mg Aprotinin (BMB # 2366^24 r ; 25 
mg Benzamidine (Sigma # B-6506) , 25 mg Leupeptin (Bli # 
1017128) , 10 mg APMSF (BMB # 917575) , and 2mM JUaVo^ (^igma 
#^ S- 6508) in lb ml of PBS-. 
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P^^eparation of assay plates: 

- Coat with .120 111 of stock N Aviidin ^er well overnight 
at 4'»C. 

- Wash 2 times with 200 /il PBS. 

- Block with 150 ^1 of blocking buffer. 

- Wash 2 times with 200 ^1 PBS. 

3 0 C. Assay: 

- Add 40 yil assay buffer /well. 

. - Add 40 Ml biotinylated IRAK (O.l-io pmoles/40 ul in 
assay buffer) 
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- Add 10 Ml compound or extract. 

- Add 10 lil [32p]^_ATP lOx stock- 

- Shake at 25«>C for 15 minutes. 

- Inciabate additional 45 minutes at 25 °C. 

5 - Stop the reaction by washing 4 times with 200 nl pbs. 

- Add 150 fil scintillation cocktail. 

- Count in Topcount . 

D. Controls for all assays (located on each plate) : 
a. Non-specific binding 
^° ^' cold ATP at 80% inhibition. 

2. Protocol for IRAK - ILIRI complex formation assay. 

A. Reagents: 

- iweutralite Av^ci^r^. 20 ng/ml in -PBS. 

- glopKiTiq buffer ; 5% BSA. 0.5% Tweeh 20 in PBS; 1 hour 
15 at room temperature. 

- Assay Buffer ; 100 mM KCl, ,20 mM HEPES pH 7.6, 0.25 mM 
EDTA, 1% glycerol,. 0.5%' NP-40, 50..raM /8-mercaptoethanol, 1 
mg/ml BSA, cocktail of protease inhibitors. - 

/"^P IRAK lOx stork : 10-8 - :10-« M "cold" IRAK 
20 supplemented with 200,000-250,000 cpm of labeled IRAK 
{Beckm^ counter). Place in the 4 »C microf ridge during 
screening. 

■ Protease inhibitor cocki-;.-; 1 ( •■ nnnv ) . mg Trypsin 
Inhibitor (BMB # 109894) , 10 mg Aprotinin (BMB # 23 6624) . 25 
25 mg Benzamidine (Sigma # B-6506), 25 mg Leupeptin (Bl^ # 
1017128), 10 mg APMSF (BMB # 917575), and 2mM NaVo^ (sigma 
W iS-6508) in 10 ml of PBS. 

- IL-lRI : 10-« - 10-5 M biotinylated IL-IRI 
intracellular domain (residues 327-527) in PBS. 

30 B. Preparation of assay plates: 

- Coat with 120 til of stock N-Avidin per well overnight 
at 40c. 

- Wash 2 times with 2t)0 ^1 PBS. 

- Block with 150 111 of blocking buffer. 
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- Wash 2 times with 2 00 ^1 PBS. 

C. Assay: 

- Add 40 /xl assay buffer/well. 

- Add 10 /il compound or extract, 

5 - Add 10 ^1 33p-IRAK (20,000-25,000 cpm/0.1-10 

pmoles/well =10-5- ^^-i „ final concentration), 

- Shake at 25«>C for 15 minutes. 

- Incubate additional 45 minutes at 25«>C. 

- Add 40 Ml biotinylated IL-IRI intracellular .domain 
10 (0.1-10 pmoles/40 ul in assay buffer) 

- Incubate 1 hour at room temperature. 

- Stop the reaction by washing 4 times with 200 /il PBS. 

- Add 150 Ml scintillation cocktail. 

- Count in Topcount. 

15 D. Controls for all assays (located oh each plate) : 
a. Non-specific binding .. v:. 
^- Soluble (non-biotinylated IL-lRl 

intracellular domain ) at, 80% inhibition. 
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All publications and patent appli<:ati.oiis cited in this 
specification are herein incorporated 'by reference as if 
each individual publication or patent applicat ion were 
specifically and individually indicated to be incorporated 
by reference. Although the foregoing ; invention has b^^^ 
described in some detail by way of illiistration and .example 
for purposes of clarity of understanding, it will be readily 
apparent to those of ordinary skill in the art in li-ght of 
the teachings of this invention that certain changes and 
modifications may be made thereto without departing from the 
spirit or scope of the appended claims . 
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SEQUENCE LISTING 

(1) GENERAL INFORMATION: 

(i) APPLICANT: Tularik, Inc. 

(ii) TITLE OF INVENTION: INTERLEUKIN-l RECEPTOR- ASSOCIATED 
PROTEIN KINASE AND BINDING ASSAY 

(iii) NUMBER OF SEQUENCES: 2 

(iv) CORRESPONDENCE ADDRESS: 

(A) ADDRESSEE: FLEHR, HOHBACH, TEST, ALBRITTON & HERBERT 

(B) STREET: 4 Embarcadero Center, Suite 34 00 . 

(C) CITY: San Francisco 

(D) STATE: California 

(E) COUNTRY: USA 

(F) ZIP: 94X11-4187 

(v) COMPUTER READABLE FORM: 

(A) MEDIUM TYPE: Floppy disk 

<B) COMPUTER: IBM PC compatible 

<C) OPERATING SYSTEM: PC - DOS /MS-DOS . 

(D) SOFTWARE: Patentln Release #1 . 0 , Version ^Jl . 30 

<vi) CURRENT APPLICATION DATA: 

(A) APPLICATION NUMBER: PCT/US96/ . * 

(B) FILING DATE: JUNE 5 1996 

(C) CLASSIFICATION: 

(vii) PRIOR APPLICATION DATA: - 

(A) APPLICATION NUMBER: U.S. iserial No. 08/587,889 
<B) FILING DATE: JAN 16 1996 
(C) CLASiSIFICATION: 

WHICH IS A . CONTINUATION OF 

(A) APPLICATION NUMBER: U.S. Serial No. 08/494,006 

(B) FILING DATE: JUNE 23 1995 * « 

(C) CLASSIFICATION: . * - .." ^. 

(viii) ATTORNEY /AGENT INFORMATION: 

(A) NAME: David J, Brezner 

(B) RE GIS TRATION NUMBER: 24,774 

(C) REFERENCE/DOCKET NUMBER: FP-62191-1 

(ix) TELECOMMUNICATION INFORMATION: 

(A) TELEPHONE: (415) 494-8700 

(B) TELEFAX: (415) 494-8771 . . 

(C) TELEX: 910 277299 



(2) INFORMATION FOR SEQ ID NO:l: 

(i) SEQUENCE CHARACTERISTICS: " 

(A) LENGTH: 3 590 base pairs 

(B) TYPE: nucleic acid 

(C) STRANDEDNESS : double 

(D) TOPOLOGY: linear 

(ii) MOLECULE TYPE: cDNA 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:l: 
CGCGGACCCG GCCGGCCCAG GCCCGCGCCC GCCGCGGGCC TGAGAGGGCC GGGCAGGTCC 
CGGCCCGGCG GCGGCAGGCA TGGCCGGGGG GCCGGGCCCG GGGGAGCCCG CAGCCCCCGG 
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CGCCCAGCAC TTCTTGTACG AGGTGCCGCC CTGGGTCATG TGCCGCTTCT ACAAAGTGAT 
GGACGCCCTG GAGCGCGCCG ACTGGTGCCA GTTCGCCGCC CTGATOGTGC GCGACCAGAC 
CGAGCTGCGG CTGTGCGAGC GCTCCGGGCA GCGCACGGCC AGGGTCCTGT GGCCCTGGAT 
CAACCGCAAC GCCCGTGTGG GCGACCTCGT GCACATCCTC ACGCACCTGC AGCTGCTOCG 
TGCGCGG6AC ATCATCACAG. CCTGGCACCC TCCCGCCGCG CTTCCGTCCC CAGGCACCAC 
TGCCCCGAGG CCCAGCAGCA TCCCTGCACC CGCCGAGGCC GAGGCCTGGA 6CCCCOGGAA 
GTTGCCATCC TCAGCCTCCA CCTTCCTCTC CCCAGCTTTT CCAGGCTCCC AGACCCATTC 
AGGGCCTGAG CTCGGCCTGG TTCCAAGCCC TGCTTCCCTG TGGCCTCCAC CGCCATCTCC 
AGCCCCTTCT TCTACCAAGC CAGGCCCAGA GAGCTCAGTG TCCCTCCTGC AGGGAbcCCG 
CCCCTCTCCG TTTTGCTGGC CCCTCTGTGA GATTTCCCGG GGCACCCACA ACTTCTGGGA 
GGAGCTCAAG ATCGGGGAGG GTGGCTTTGG GTGCGTGTAC GGGGGG6TGA TGAGGAAGAC 
GGTGTATGCT GTGAAGAGGC TGAAGGAGAA GG CTGACCTG . <3A<3TOGAGTG CAGTGAAGCA 
GAGCTTCCTG ACCGAGGTGG AGCAGGTGTC CAGGTTTCGT CAGGGAAAGA TTGTCGAGTT 
TGCTGGCTAC TGTGCTCAGA ACGGCTTCTA CTGCCTGGTG TAGGGCTTGG TGGGCAAGGG 
CTCCCTGGAG GACCGTCTGC ACTGCCAGAC CCAGGCCTGG GCAGCTGTGT GGTGGGGTGA 
GCGACTGGAC ATGCTTGTGG GTACAGCCCG GG CAATTCAG TTTGTACATG AGGACAGGGG 
CAGCCTCATC CATGGAGACA TCAAGAGTTC CAAGGTCGTT CTGGATGAGA GGGTGACACG 
CAAGCTGGGA GACTTTGGCC TGGGCGGGTT CAGGGGGTTT GGCGGGTGGA GCGGGAGGCA 
GAGCAGCATG GTGGCCCGGA CACAGACAGT GCGGGGGAGG GTGGCCTAGG TGOGGGAGGA 
GTACATCAAG ACGGGAAGGC TGGCTGTGGA CACGGACAGG TTCAGCTTTd ^GGGTGGTAGT ' 
GCTAGAGACC TTGGCTGGTC AGAGGGGTGT GAAGACGGAG GGTGGCAGGA GGAAGTATCT 
GAAAGACCTG GTGGAAGAGG AGGCTGAGGA GGCTGGAGTG GGTTTGAGAA GGACGGAGAG 
CACACTGCAA GCAGGTGTGG CTGCAGATGC CTGGGCTGGT GCGATGGGCA T6CAGATGTA 
CAAGAAGCAC CTGGACCCCA GGCCCGGGCC CTGCCGAGCT GAGGT6GGGG TGGGGGTGGG 
GCAGCTGGCC TGCTGCTGCC TGCACCGCCG GGCCAAAAGG AGGGGTGCTA TGAGGGAGGT 
GTACGAGAGG CTAGAGAAGG TGCAGGCAGT GGTGGCGGGG GTGCGGGGGC ATTTGGAGGG 
CGCCAGGTGC ATCCCCCCTT CCCCGCAGGA GAAGTCGTAG GTGTGCAGGA GTGGGAGAGG 
CCACAGTGGG GCTGCTCCAT GGCAGCCCCT GGCAGGGGCA TGAGGAGCCA GTGGG<:AGGC 
AGCAGAGCAG CTGCAGAGAG GCCCCAACCA GCCGGTGGAG AGTGAGGAGA GCGTAGGGGG 
CCTCTCTGCT GGCCTGCGCT CCTGGCACTT GACTGGAAGC TGGGGTGTGG AGGGAGCAGG 
CCTCAGGGAG GCCGGCTGTC GTCAGGGGGA GACGGGAGGA GAATGGAGCT -GGGGGAGTGG 
CCCAGGATCC CGGCCCACAG GCGTGGAAGG ACTGGGCGTT GGGAGCTGTG CATGATGGTG 
GTCAGAGCCA CCGCAGATTA TCATCAACCC TGCGGGACAG AAGATGGTCG AGAAGGTGGG 
CCTGTACGAG GATGGGGGGC TGGACAGGCT GGAGGTGGTG TGGTGCAGGT GGGTGGGAGG 
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CTTGGGCCTG 


6AACAGGACA 


GGCAGGGGCC 


CGAAGAAAGT 


GATGAATTTC 


AGAGCTGAT<^ 


"5 "5 "5 n 


TGTTCACCTG 


GGCAGATCCC 


CCAZU\TCCGG 


AAGTCAAAGT 


TCTCATGGTC 


AGAAGTTCTC 


•5 "5 o r\ 


ATGGTGCACG 


AGTCCTCAGC 


ACTCTGCCGG 


CAGTGGGGGT 


GGGGGCCCAT 


GCCCGCGGGG 




GAGAGAAGGA 


GGTGGCCCTG 


CTGTTCTAGG 


CTCTGTGGGC 


ATAGGCAGGC 


AGAGTGGAAC 




CCTGCCTCCA 


TGCCAGCATC 


TGGGGGCAAG 


GAAGGCTGGC 


ATCATCCAGT 


GAGGAGGCTG 


^ ^ zr n 
z ^ o u 


GCGCATGTTG 


GGAGGCTGCT 


GGCTGCACAG 


ACCCGTGAGG 


GGAGGAGAGG GGCTGCTGTG 




CAGGGGTGTG 


GAGTAGGGAG 


CTGGCTCCCC 


TGAGAGCCAT 


GCAGGGCGTC 


TGCAGCCCAG 


*) c D n 


GCCTCTGGCA 


GCAGCTCTTT 


GCCCATCTCT 


TTGGACAGTG 


GCCACCCTGG 


ACAATGGGGC 




CGACGAGGCC 


TAGGGCCCTC 


CTACCTGCTT 


ACAATTTGGA 


AAAGTGTGGC 


CGGGTGCGGT 


^ "7 ft rt 

2700 


GGCTCACGCC 


TGTAATGCCA 


GCACTTTGGG 


AGGCCAAGGC 


AGGAGGATCG 


CTGGAGCCCA 


2760 


GTAGGTCAAG 


ACCAGCCAGG 


GCAACATGAT 


GAGACCCTGT 


CTCTGCCAAA 


*^ni-^4. ± X X A. 


•5 o 1 r» 


AACTATTAGC 


CTGGCGTGGT 


AGCGCACGCC 


TGTGGTCCCA 


GCTGCTGGGG 




O fl on 


AGGAGGATCA 


TTTATGCTTG 


GGAGGTCGAG 


GCTGCAGTGA 


GTCATGATTG 






CTCCAGCCTG 


GGTGACAGAG 


CAAGACCCTG 


TTTCAAAAAG 


AAAAACCCTG 


GGT^AAAGTGA 




AGTATGGCTG 


TAAGTCTCAT 


GGTTCAGTCC 


TAGCAAGAAG 


CGAGAATTCT 


GAGATCCTCC 


3 060 


AGAAAGTCGA 


GCAGCACCCA 


CCTCCAACCT 


CGGGCCAGTG 


TCTTCAGGCT 


TTACTGGG6A 


33.20 


CCTGCGAGCT 


GGCCTAATGT 


GGTGGCCTGC 


AAGCCAGGCC 


ATCCCTGGGC 


GCCACAGACG 


3180 


AGCTCCGAGC 


CAGGTCAGGC 


TTCGGAGGCC 


ACAAGCTCAG 


CCTCAGGCCC 


AGGCACTGAT 


3240 


TGTGGCAGAG 


GGGCCACTAC 


CCAAGGTCTA 


GCTAGGCCCA AGACCTAGTT 


ACCCAGACAG 


3300 


TGAGAAGCCC 


CTGGAAGGCA 


GAAAAGTTG6 


GAGCATGGCA 


GACAGGGAAG 


GGAAACATTT 


3360 


TCAGGGAAAA 


GACATGTATC 


ACATGTCTTC 


AGAAGCAAGT 


CAGGTTTCAT 


GTAACCGAGT 


3420 


GTCCTCTTGC 


GTGTCCCAAA 


GTAGCCCAGG 


GCTGTAGCAC 


AGGCTTCACA 


GTGATTTTGT 


3480 


GTTCAGCCGT 


GAGTCACACT 


ACATGCCCCC 


GTGAAGCTGG 


GCATTGGTGA 


CGTCCAGGTT 


3540 


GTCCTTGAGT 


AATAAA7AGG 


TATGTTCCCT AAAAAAAAAA 


AAAGGAATTC 




3590 



(2) INFORMATION FOR SEQ ID NO: 2: 

(i) SEQUENCE CHARACTERISTICS: 

(A) LENGTH: 712 amino acids- 

(B) TYPE: amino acid 

(C) STRANDEDNESS : single 

(D) TOPOtOGY: linear 

(ii) MOLECULE TYPE: protein 

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 2: 

Met Ala Gly Gly Pro Gly Pro Gly Glu Pro Ala Ala Pro Gly Ala Gin 
15 10 15 

His Phe Leu Tyr Glu Val Pro Pro Trp Val Met Cys Arg Phe Tyr Lys 
20 25 30 
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Val Met Asp Ala Leu Glu Pro Ala Asp Trp Cys Gin Phe Ala Ala Leu 

40 45 

lie val Arg .Asp Gin Thr Glu Xeu Arg Uu Cys Glu Arg Ser Gly <31n 



60 



Arg Thr Ala Ser Val Leu Trp Pre Trp He Asn Arg Asn Ala Arg Val 

Ala Asp Leu Val His lie Leu Thr His Leu Gin Leu Leu Arg Ala Aro 
°= 90 S5 

Asp He He Thr Ala Trp His Pro Pro Ala Pro Leu Pro Ser Pro Gly 



110 



Thr Thr Ala Pro.Arg Pro Ser Ser He Pro Ala Pro Ala Glu Ala Glu 

120 125 

Ala Trp ser Pro Arg Lys Leu Pro Ser Ser Ala Ser Thr Phe Leu :Ser 
■ 135 

Pro Ala Phe Pro Gly Ser Gin Thr His Ser Jly Pro Glu LeuGly Leu 



160 



val Pro Ser Pro Ala Ser Leu Trp Pro Pro Pro Pro Ser Pro Ala Pro 

j^^j 

Ser Ser Thr Lys Pro Gly Pro Glu Ser Ser Val Ser Leu Leu Glh Gly 

185 190 

Ala Arg Pro Ser Pro Phe Cys Trp Pro Leu Cys Glu He Ser Arg Gly 



205 



2^0 Ser Glu Glu Leu Lys He Gly Glu Gly Gly Phe Gly 

Cys Val Tyr Arg Ala Val Met Arg Asn Thr Val Tyr Ala Val Lys Arg 



=^30 235 

Leu Lys Glu Asn Ala Asp Leu Glu Trp Thr Ala Val Lys ^In Ser Phe 
245 250 255 

Leu Thr Glu Val Glu Gin Leu Ser Arg Phe Arg His Pro Asn He Val 
" 2G5 270 

Asp Phe Ala Gly Tyr Cys Ala Gin Asn Gly Phe Tyr Cys Leu Val Tyr 

280 285 

Gly Phe Leu Pro Asn Gly Ser Leu Glu Asp Arg Leu His Cys Gin Thr 

Gin Ala Cys Pro Pro Leu Ser Trp Pro Gin Arg Leu Asp He Leu Leu 

310 315 320 

Gly Thr Ala Arg Ala He Gin. Phe Leu His -Gin Asp Ser Pro Ser Leu 
325 330 335 

He His Gly Asp He Lys Ser Ser Asn Val Leu Leu Asp Glu Arg i^u 

345 350 
Thr Pro Lys Leu Gly Asp Phe Gly Leu Ala Arg Phe Ser Arg -Phe Ala 



Gly Ser Ser Pro Ser Gin Ser ser Met Val Ala Arg Thr Gin Thr Val 



365 

380 
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Arg Gly rtr I,eu Ala Tyr I,eu Pro Glu Glu Ty. He x.ys Thr Gly Arg 

400 

I^eu Ala val ASP Thr Asp ««:.pi.e Ser Phe Gly Val Val Val Leu Glu 



410 



415 



Thr I.e. Ala Gly Gin Arg Ala Val Jys Thr His Gly Ala Arg Thr x.ys 

430 



Tyr l,eu jys Asp t,eu Val Glu Glu Glu Ala Glu Glu Ala Gly Val Ala 

445 

I^eu Arg Ser Thr Gin Ser Thr l^u Gin Ala Gly jeu Ala Ala Asp Ala 

Trp Ala Ala Pro He Ala Met Gin He Tyr Lys .I,ys His X^u Asp Pro 

^"^^ 480 
Arg Pro Gly Pro Cys Pro Pro Glu l,eu Gly i,eu Gly l^u Gly Gin l^u 

490 

Ala cys cys Cys l^u His Arg Arg Ala i,ys Arg Arg Pro Pro Met Thr 

510 

Gin val Tj^ Glu Arg l,eu Glu gs Leu Gin Ala Val Val. Ala Gly Val 

525 

Pro^Gly His Leu Glu Ala^Ala Ser Cys Xle Projro Ser Pro Gin Glu 

Asn ser Tyr Val Ser Ser Thr Gly Arg Ala His Ser Gly Ala Ala Pro 

Trp Gin Pro Leu Ala Ala Pro Ser Gly Ala Ser Ala Gin .Ala Ala Gl! 

^'^^ ■ 575 

Gin Leu Gin Arg Gly Pro Asn Gin Pro Val Glu Ser Asp Glu Ser Leu 

590 

Gly Gly Leu Ser Ala Ala Leu Arg Ser Trp His Leu Thr Pro Ser Cys 

605 

Pro Leu ASP Pro Ala Pro Leu Arg Glu Ala Gly Cys Pro Gin Gly Asp 
SI <31u ser ser Trp Gly Ser Gly Pro Gly Ser Ar^ Pro Thr 

Ala val Glu Gly Leu Ala Leu Gly Ser Ser Ala Ser Ser Ser Ser Zl 

655 

pro Pro Gin Xle He He Asn Pro Ala Arg Gin Lys Met Val Gin Lys 

670 



X-eu Ala Leu Tyr Glu Asp Gly Ala Leu Asp Ser Leu Gin . Leu Leu Ser 

685 



ser ser Ser Leu Pro Gly Leu Gly Leu Glu Gin Asp Arg Gin Gly Pro 



Glu Glu Ser Asp Glu Phe Gin Ser 
705 73_o 
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WHAT IS CLAIMED JR ? 

1. An isolated human Interleukin-1 Receptor-Associated 
Protein Kinase. (IRAK) which migrates under SDS- 
polyacrylamide gel electrophoresis at an apparent molecular 
5 weight of approximately 100 kD. 

.2. An isolated human Interleiikin-l Receptor -Associated 
Protein Kinase (IRAK) comprising a kinase domain having the 
amino acid sequence of SEQUENCE ID N0:2, residues 212-523. 



10' 



15 



3 . An isolated nucleic acid encoding a human Interleukin-1 
Receptor-Associated Protein Kinase (IRAK) kinase domain 
according to claim 2 . 

4. An isolated first nucleic acid comprising SEQUENCE ID 
NO:l or capable of specifically hybridizing with a second 
nucleic acid having the sequence defined by SEQUENCE ID NO:l 
and remaining bound at a reduced final wash stringency of 0% 
f ormamide in 0. 9 M saline/0 . 09 m sodium citrate (SSC) buffer 
at a ten^erature.of 42?C- 

5. An isolated nucleic acid having the sequence defined by 
SEQUENCE ID N0:1 or a fragment thereof capable of 
hybridizing with a nucleic acid having the sequence defined 
by SEQUENCE ID NO : 1 under . stringency conditions defined by 
a hybridization buffer comprising 20% f ormamide in 0.9 M 
saline/0.09 M sodium citrate (SSC) buffer at 'a temperature 
of ,42oc and remaining bound when subject to washing at 42°-C 

25 with 2 X SSC buffer- ... 

6 . A method of identifying lead compounds for a 
pharmacological agent useful in the diagnosis or treatment 
of disease associated with Interleukin-1 signal' 
transduction, said method comprising the steps of: 

30 forming a mixture comprising: 

a human IRAK according to claim 2, 



20 
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a natural intracellular IRAK binding target, 
wherein said binding target is capable of specifically 
binding said IRAK, and 

a candidate pharmacological agent; 
5 incubating said mixture, under conditions whereby, but 

for the presence of said candidate pharmacological agent, 
said IRAK selectively binds said binding target; 

detecting the presence or absence of specific binding 
of said IRAK to said binding target, 
10 wherein the absence of said selective binding indicates 

that said candidate phartnacological agent is a lead compound 
for a pharmacological agent capable of disrupting IRAK- 
dependent signal transduction. 

7. A method according to claim 6, wherein said IRAK 
15 binding, target comprises an intracellular fragment of the 
Interleukin-l receptor.. 



20 
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8. A method of identifying lead compounds for 
pharmacological agent useful - in the diagnosis or treatment 
of disease associated with Interleukin-l Receptor Associated 
Protein Kinase activity, said method comprising the steps 
of: 

foarming a mixture comprising: 

a human IRAK according to claim 2, 
a natural intracellular IRAK substrate, wherein 
25 said IRAK is capable of speicif ically phosphorylating said 
substrate, and 

a candidate pharmacological agent; 
incxibating said mixture under conditions whereby, but 
for the presence of said candidate pharmacological, agent, 
30 said IRAK selectively phosphorylates said substrate; 

detecting the presence or absence of specific 
phosphorylation of said substrate by said IRAK, 

wherein the absence of said phosphorylation indicates 
that said candidate pharmacological agent is a lead compound 
35 for a pharmacological agent capable of disrupting IRAK 
activity. 
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9. A method according to claim 8 wherein said TRAK 
substrate is said IRAK. 
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